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MEMOIRS OF THE AMERICAN ACADEMY. 


On the Practicability of Constructimf Cannon of 
Caliber, capable of eJidurity lon^l-mttinmed Use wh 
der full Charges. 

TiiE importance of constructing cannon of a size 
larger than any now in use, to every nation that may 
be called upoik %ci i^£iimlec #e trials of war, is one 
^Hitose &ct£i ft^duiicpl^ged idlfeg % the soldi^ fssaik 
the civilian ; and to obtain such instruments, capable 
of thiowing jjrojectiles larger and heavier, and to 
greater distances, than has hitherto been attained, is 
now occupying the attention of the scientific engi- 
wsm^msi projectoz!^ 1^ Jliirope moie tiian any oUi^ 

jJ'QSStf^ i^liSI to ^^S^ Wt^'^^p^S^B^ 1^ ^iSift t^iH 
nessed a remarkable increase in the dzi ^ 1^ 

great instruments of human industry. Ships within 
twenty years liave been doubled in their dimensions, 
and steam-engines are now constructed which com- 
pare with those of the last age as giants compare 

with msmm iBimk M Wu^ih. ihe w^UMi^ 
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mi. attempts have been asoii hm- 
dxeds of foxms, nocmtm succeeded in pmilasiiig a 

cannon essentially more powerful than those used in 
the days of Napoleon and Wellington. 

I propose, in this paper, to search for the causes 
of these failures, to acamine the action of the forces, 
Ifith JMiiiw sad ^gm^ iM^ms isi3Si9B,Mifi 
§im In ffaaeowxiif (Satsi «fA iU« 
at last, shall cSilieaYor to show that 
non do not approach the size and pwwei of &0Be that 
may be constructed. 

I have said that no essential improvement has been 
made dnxing the present age in the size of cannon. 
B Is fame ^bey ham Ixm meraased In eaSbet 
from seven, up to eight and ten inches, and a few 
bomb-cannon have been made of twelve inches. But 
in the use of these the charges are so diminished, to 
be brought within the limits of safety, that the initial 
velocities, as inferred fi:om their short ranges, are not 



used in the time of Yauban, and this reana^iB, 
typed, as the limit at the present day. 

But to my examination. The properties or quali- 
ties of hardness and of tenacity or strength are the" 
qualities indispensable to all cannon, and the superi- 
eodi^ ef ooBt ^0011^^ ust^- antttiiiBg ifi^joesBwied Isif- lbs 
excess in wbidi it possesses them. Inertia* is like* 


* This word is used throughout this papoF^filLfii strictly techni- 
cal sense, as the force, or power of resistii^ alt ehaoge of state. 
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wise ieie^Qiiiflt lu tt ^rtain aatofvUi^ M psmicA msm- 
sive r&sSoL IFo^ "^ese propiiiiiii of strength and 
hardness avo possessed in an eminent degree by 
bronze and cast-iron, and these bodies alone consti- 
tute, in practice, the materials for cannon ; for al- 
though various attempts have been made to introduce 
stiiL sffid IMf^Mofl^ll k §ov my pr^rait 

pissmssM mfi Utai ttt^^ caimon in 

Tise ia the world, that are not macte flSf bronze or cast- 
iron. For strength, bronze is generally taken at 
30,000 pounds to the square inch ; that is, that it 
will require a weight of 30,000 pounds to tear asun- 
der a hax of good gun-metal bronze of one inch area. 
I'oHo^^g file mean (if oumy eaqiralment^ cast-iron 
has generally hsSSi Ital^ at 20,000 pounds. But 
that I may be sure not to under-estimate the strength 
of tliis material, and as it lias been considerably im- 
proved by gun-makers within a few years, I shall 
estimate it at 80,000 pounds, or as equal to bronze, 
iPibyil^ it is not t& bi& iiliil t!|Noii: ^ i^i|)S$t |D; 
i^ mim^k m ^ liW^mi^b^^ lor lsatiSne^ &^ 

iron greatly exceeds bronze. This renders it more 
suitable for very large guns, and it has, in trutli, be- 
come so exclusively the material for everything above 
the size of field-pieces, that I shall deal ^vith it alone 
in the examination proposal in this paper. 
Mi^s0 wmxassM^ Iste liioie of ^onprniii^ it may 


tiftefbta: it fr6tn teat tis iHtAtt tm&B^ ^ WiSi. ^ I 

use, without a doubt of its accumcy, the squoie of the Tctocity by • 
the nuuss, as the measure of this force. ^ 
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be well enough to say a word upon the time of its ex- 
plosion. Is the firing of gunpowder instantaneous 1 
This question has been discussed, and experiments 
made upon it, by Mr. Eobins, Dr. Hutton, Count 

tee oi ISHtjiti Bdi^^k £f bis instantEuneoix^ HiHsa 
it most bft eviieaii mo mOxiBt wabi^mm moi ba 
fired with a greater rapidity. For instantaneousness, 

bearing the same relation to time, that a point docs to 
space, can admit of no degrees. Both are existences 
without extension, and we cannot say of any two 

mm fsnmminmmWximm flifi dher, 
igMm& Mi^j^ ^im^^ % one at hm^ 'SfM^Mli^ 
implies that it is not instantan^m Now tomj of 
the fulminating poAvders, and even gun-cotton, are, as 
is well known, fired much more rapidly than gun- 
powder. The firing of this last cannot, therefore, be 
instantaneous, and yre might rest witlx this logical 
solution jol^i^Qarfionr bul^Iltes mmj <qib@r 
mlt^tmBt It «lis but litde to oar iiHidaii^^^ twd i&e 
amazing rapidity vpl^ wbich a lai^ mass of powder 
is inflamed, when in a close cavity, awakens our at- 
tention to the course of the events causing, or at 
least accompanying, this infiammation, and I shall 
notice two experimental results which Beem to me to 
xadaeBlm «itaite fif tbingi d«a$^ l&ttt i^oIib ^imcStk 
Mist, Count Rumford has proved that the burning 
of the grains is slow, or that a sensible time is required 
with each grain before it is wholly converted into the 
gaseous state ; and secondly, various experiments made 
in England and in Prussia have shown that theie is ffici 
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sensible difference produced in the velocity of the shot 
by communicating the fire to the centre rathcn- than 
to one end of the charge, which oiiglit evidently to 
take place if the fire is communicated from one grain 

'wmUd require but half the time that is required T^b^ 
proceeding from one end, and ought to produce a 
sensible increase in the velocity of the shot. I think, 
therefore, that these two facts warrant the following 
inference as to the course of the action during the 
production of the fbfe»^ When ^ ^eifeaehes the 
^^m^ &Dm the touchhole, tiie nearest grains be- 
come kindled ; the hot fluid evolved is thrown far- 
ther into the charge, and the burning succeeds siic- 
cessively until the pressure becomes so great as to 
condense the air contained between the grains suffi- 
ciently to produce th0 hettt lequired for firing those 
0^ami whMi #i:ea c^BBomed mcidee m less i»p- 
idly, as they are fine or coarse. "We have, then, first 
the burning in succession of a small part of the 
charge ; then the immensely rapid, though not instan- 
taneous, kindling of every grain composing it ; and 
then IMIiliiEinption of those grains, which is not 
wommpMmi «iih@nt ^me, II Is a mk jSaiiie coup 
ception to f^amg ^SmmmSeM, Mk&iahtg &m i»seitliier 
in distinct succession ; each having its beginning, 
middle, and end, and all being comprised in the pe- 
riod of -yj-oth of a second (gun 4 feet long, fomiula 
t = When we have mastered the imagination 

of %im% we may go txE^Slmt mi m^ 
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tiie connected and contemposaiiceinis ball, 
"^giMikifmm MmamBt^ to l^cs^ toad ftetigh emty 
gxadal^on ioi mhaty up to 1,600 feet a secoixili mk 
leaves the gun as our historical period of s^^th of & 
second expires. 

The expansive force of gunpowder, which must be 
xesisted by the strength of the cannon, depends al- 

m OqikbI lkuBi£»d has shown, by bis mcpem' 

ments made about sixty years ago, that if the powiliP 
be placed in a closed cavity, and the cavity be two 
thirds filled, the force will exceed 10,000 atmos- 
pheres, or 150,000 pounds upon the square inch; and 
he estimates that if the cavity be entirely Med vrWa. 

.t^risetodO,DmateQ6pii^ My 
own experience, made in bursting wrought-iron can- 
non the strength of which was known to me, leads 
me to believe that he has not over-estimated its 
power, although I am aware that it is generally con- 
sidered as excessive. If, following an opposite course 
to %bA herein deetgnObidi ^ pi^^ to 
expand upon any side, the force throvm in the other 
directions is very small. Thus, if a charge be placed 
loose in a gun, without shot or wad, the force upon 
the walls of the gun is very trifling ; — no more than 
is produced by the restraint of the inertia of the 
charge itself, fit Ibe; fitil ifilimed firom it If we 
i)i!0^ dli!iEife& propeae^ ci Ineiiga, oBe^ 

fire it in a constantly maintained vacuum, it would 
not rend walls made of cartrldge*paper, if a single end 
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were left open for its escape. From the preceding 
statement, it will be seen that gunpowder will take 
any force, ftom perhaps 50,000 atmospheres, whea 
confised to a iites cavity, down to zem^ M 1$ be de- 
prived of inertia and fired in a vacunm constantly 
maintained. 

In artUlery practice, the restraining power which 
causes the powder to act against the walls of the can- 

mm. k Ssskmi placipally imtt iSbm iaasA v$ lis 
iM. !Dhl$ Isi m^^^ im^ of the 

polvd^ itself, that #i letter may be neglected in the 
considerations that are to follow. Now, bearing in 
mind what has been ali'eady said, let iis compare the 
ditFerence of the force of powder as exerted upon a 
small and a large gun respectively. It is perfectly 
ivtd^jESpwn, tbtl^ M bare a pipe m'MQmf cylin- 
iec of flay two inches in diameter vritibi walls an indi 
thick, and if this cylinder wUl bear a pressure from 
within of 1,000 pounds per inch, another cylinder, of 
the same material, of ten inches in diameter, will bear 
the same number of pounds to the inch if we increase 
the walls in the same proportion, or make them five 
intte iUti^ Ai^ossHsectaon of liHse Indezs will 
pxesent an area proportional to the squares of their 
diameters, and if the pressure be produced by the 
weight of plungers or pistons, as in the hydrostatic 
press, the weight required in the pistons wiU be as 
the squares of the ^^Eoneters, or as 4 to 100. 
"^mf Gtaay ^MM f;siid seaiiiicon of dliifecent calibers, 

to be S inches in diametear and the other 10 inches, 
2 


10 


and that the sides of each gun equal, in thickness, 
the diameter of its caliher. Then to develop the 
same fezee, per Ixtoh, &om ihe pawder of eddi gus, 

the inertia of the balls should be as the squares of 
tlie diameters of the calibers, respectively ; that is, one 
should be 25 times as great as the other. But the 
ball% Iieing one 2 and tiie otiiei 10 inches in diam- 

ly; the weights being as the cubes di %i& /^eMbiexB. 
Hence each inch of powder in the large gun will be 
opposed by 5 times as much inertia as is found in the 
small gun. This produces a state of tibong? jmasdj 
simifoir to ibat tei "^mS&ai^^m^ |^ indfii i baBs 
instead of 1 ; * and although the strain thrown upon 
the gun by 5 balls is by no means 5 times as great as 
that by 1 ball, there can be, I think, no doubt that 
the strain produced by different weigbts of ball is in 
& lS^ m M0i m IM cd lbi; eal»} roots of the re- 


* The state of things 
here deseribed will be 
comprehended by a 
^ance at ^is 
The tvo cylinder A 
and B, made in the 
proportions of 1 to 5, 
will resist an equal hy- 
drostatic pressure, and 
the weights or plungers 
a aoA I, with which they are loaded, will remain supported upon 
the water in equilibrium, if an open communication be made be- 
tween them fay the pipe d. But if we lo^d the lai^r one with 
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spectiye weightib* ^Msf Mild give, itt ^ 
before us, an intoeaid of ^m t to l^Tl, cor 
upon the walls of the lO-inch gun would be 71 per 
cent greater than upon those of the 2-inch gun. 

The foregoing statement and comparison, however, 
do not present the whole case; for they are made 
upon the suppositioa Jbsl the charge CiWder, in eadi 
instance, is as the square of the diameter of the shot, 
or that the caiiridges of the 2 and the 10 inch guns 
are of the same length. This, if we take the charge 
df iihe msll igiana. ttt # of a pmmdi «ould give but % 
pounds for the large, or i\ of the weight of the shot 
The velocity obtained from this charge would pro- 
duce neither range nor practical effect, and to obtain 
these results, that is, 1,600 feet a second, we must 
dither increase the fbrce fimn^h whde: length oi 
the gun to 5 times that requii^ ^ the small gun, 
or, ihe &xoe remaining the sam^ we nuiat proidde 


the ball c instead of i, we shall require 5 balls, as sbofvn in the 
■mall cylinder A, to balance the. pressure of c. 

* Hutton inferred that the velocities of balls of different wta^t^ 
with the same charges of powder, were inversely as the square 
roots of the weights, and Captain Mordecai, in his excellent book 
of experiments, makes the same inference. This would give no 
increase to the force of the ]>owder,and must be impossible ; and I 
find from comparing their experiments, and computing the forces 
developed by the same charges of powder with shot of difierent 
We^^lfiii lhat the forces are almost exactly as the cube roots of the 
sluji. '^CkOa Button's experiments with balls of 1.2 lb. and 2.9 lb., 
velocitka 873 and 749, give forces almost exactly proportional tO the 
cube roots of 1.2 and 2.9. Captain Mordecai's experiments with 
balls of 4.42 lb., 9.28 lb., and 211b., velocities 2,696, 2,150, and 
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for its acting through 5 times the space. Neither 
of these conditions can be practically accomplished. 
Ssfmf&t hy m. iBsa£&^ jof ihs diaige ajid £be 
liP^h of the bore, the xiesnlt loay^ m fhe limitii Wcii^ 
consideration, be attained. Thus, taking the lai|pi 
bore, if we double its length and make the cartridge 
5 times as long, increasing the weight from 8i to 
41-} pounds, — or perhaps, having an ailiii^l^ ieiQI 
Ihe wnq^m^m ^&ttdiiml&im v£ vnbiiBge and 1^ 
ter preservation of the heat, with a charge of from 30 
to 35 i^ounds, — we may obtain the full velocity of 
1,600 feet a second. But this again increases enor- 
mously the strain upon the gun. 

T%:idmm m^ wp$&ex obvious, at a first vietr, "hum an 
increase in the charge should incrrase the tension of 
the fluid produced from it, if the cavity enclosing it be 
pioportionably enlarged. If a steam-pipe a foot long 

!eM !ft given temperature, a pipe two feet long, Dif jSie 
same thickness and diameter, will sustain the pressure 
produced by a double weight of steam from the same 
boiler. Why then should the pressure upon a cannon 
b0 fmrnmSi Itf m MHii lei^tbi of oaorteidge? The 
iciffisrence seems to be this ; vnth ^ steam« 3si loess- 


1,520, all furnish, by computation, forces very nearly proportional 
to the cube roots of the respective weights of the balls. Every 
one knows that a small increase in the weight of tiie shot in a 
fowling-piece increases in a sensible degree the recoil, and the 
stress upon the gun. This is so universally received os true by 
ordnance ofRcers, that it is a common practice tdiliUij^^d or mofiB 
balla, instead of m incieased chaige, in proving guns. 
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uiB is as in a closed cavity; with the powder, the ten- 
sion depends upon flie movement of the shot while the 
fluid is formia^^ "Niomf tidiii^ir Him SlMia^ 1^ fiige 
or small, the motion of the shot commences while the 
pressure is the same in both cases, and before the 
charge is fully burned, and with the same velocity in 
both cases ; but vdik the large charge the fluid is 

ment of the cavity by the movement of the shot is 
neai'ly the same in both cases. This destroys the pro- 
portion between the sizes of the two cavities, and the 
liSlibn must ui(»ease &8ter, axoft M&SSim^0iSSill^03Stm 

£:om the complicate nature of the problem, be stated 
with any reliable exactness, but Ave may, I think, con- 
clude, from the increased velocity of the shot, and many 
other effects, that the stress tiirown upon the gun by 
diffenmt chm^^ 'p&^mi 'vi^s^ cniiiiai^^Smits^ 
will not vary essentially from the square roots of 
those ^laipes.* If then we increase, in the example 


* HuUon gives tlie velocities of the balls as the square roots of 
the charges, and the experimeati C^p^BiB'^ atthttugh 
giving the velocities of the larger charges somewliat below this 
ratio, do not wholly contradict it. This assigns to the charges an 
effect, or power, that is, pressure multiplied by the space, tvhidi is 
directly as the charge. Now this result cannot be produced, wifli 
the larger charges, wholly by the continuance of the pressuie 
during the lost part of the passage of the ball through the bore, 
although a largo portion of it may be derived from that source ; but 
there must be a great increase of tlio tension in the fluid during 
iSa first part of the ball's motion, and an equal increase of the 
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under consideration, ii'om a charge of 81- pounds to 
one of Sl^ poimis^ Has stins a M tcpoti t&e gem, hemg as 

the square roots of these numbers, is raised from 2.88 
to 5.65, or from 1 to 1.96. Having already increased 
the stress upon the gun, by the shot, from 1 to 1.71, 
if we multiply these together, we have a total increase 

^ ^km I to ^M. Tbeit k to iE^, ^ mSise ^ 
conditions here stated, we load a gun of 2 inches' cal- 
iber with 1 shot and ^ of a pound of powder, and a 
gun of 10 inches' caliber with 1 shot and 32 pounds 
of powder, the stress upon each square inch of the 
boves 'wffl be 9J§ iSam gzestee vMt QtiB lBsrge'&im 
ynth. the small gun ; when at the same time, if the 
walls of both have a thickness proportional to the 
diameters of the calibers in each, the large gun will 
be incapable of sustaining a greater pressure per 
ijicb iuot (he mM lom. "Bma « ^tmgB g| M 
pounds of powder, the stuess apon the large gun 
must be more than double that upon the small gun 
when charged with one third the weight of its ball. 

The preceding examination does not, I think, pre- 
sent the dxfficalties , to be ovezcome in incxeasing 
the size of . cannon as greater fhui ^^beyisBMf Vxef 
and although the results that I have arrived at are 
from extreme cases, and may be said to be mere de- 
ductions, yet they are deductions legitimately dra'ivn 
fiom ^ WH^ W^sl^ esEpeziments that imm beeiL 


jrtnia upon the gun. It appears to me that the hypothesis stated 
above, and the ratio of force there assigned to different charges, 
are in perfect accordance with these and other experiments. 
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mada How thea can the BBoea^itstf gbceagi^ be ob* 
tained? Will it be |yiWR!@ei4; 1^ iBti increased thick- 
ness? It is not neccssaiy to examine the obvious 
objections of the great increase of size and weight 
ihHk implies, because no ino.'ease that can be 
^WBi # lh« Ihickaess <will increase the strengtibi to 
a sufficient degree to resist the force requiicd. To 
prove this, I must ask attention to a further and some- 
what elaborate examination. 

About thirty years ago, Mr. Peter Barlow, of Wool- 
mbh, pabl^cid a ftepee in &mTmm^imB(^%S)S@^ 
ciety of Civil Engineers, on the hydrostatic press, in 
Avhicli he sliowcd that hollow cylinders of tlie same 
materials do not increase in strength in the ratio of 
increase in thickness, but that the ratio of increase of 
Btxeng& is snch, vfhem ^tey ^^eeoBm of eiEnnM^ 
able thickness, (ho shciigth falls cnonnously below 
that given by the ratio of thickness. Mr. Barlow has 
carried out his reasoning in an analytical form, which 
I shall omit, while I endeavor to give the physical 
pzincipl^ <3f @I6 |««»MiE|Dai) mi^ ISaMA IM^ 
in a form more clearly Wl^i& the conception of^ siSL'^ 
For this purpose let iis suppose Fig. 1 to represent 
the cross-section of a hollow cylinder, like a cannon; 
A, the bore, 10 inches in diameter, B, the walls or body, 
10 inches llioik. tM e^der be distended % 


Btrlow's paper may be f<s6t^ fit the first irolQni« of #« 

Transactions of the Society of Civil Engineers, and likewise in the 
Encyclopsedia Metropolitana, and in tlie Treatise on the Manufac- 
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Kg. 1. Fig. 2. 
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internal fluid pressure until>the bore is 20 inches in 
diameter, as in Fig. 2. The external diameter will be 
increased only to 34.641 inches. For in Fig. 1 the 
wliole diameter i$ W inches, and contains an azea of 

of tfaeltOie 10^ = 100 inches, and 1«e have 800 inches 
in the area of the solid walls. Now after it is dis- 
tended, the area of the bore becomes 20'^ = 400 circu- 
lar indies, and as the walls contain the same azea as 
before Hie SSsm^Sm^ i^ 800, m ham SOO +400 
= 1200 circular inches for tlie area of the whole 
section, and -v/1200 = 34.641 for the external diame- 
ter. Before the distention the circumference of the 
bcace iR&t lOmi3lIi£:=:dSL^ aot^ tibe ^efternal cir^ 
m^Sm^sm df.^ "b&ftf •ms 30X3.141 = 94.^ 
After the distention the circumference of the bore is 
20 X 3.141 = 62.82, and the circumference of the out- 
side solid is 34.641 X 3.141 = 108.81. Every inch 
of tbe inner portion of the wall, then, by the disten- 
tion has been doubled in len^^ irib#ei flie external 


17 


circumference of the wall has been distended only in 
the ratio of 94.23 to 108.81, oi from 1 to 1.155, less 
Huot one seventih pari 

I have taken a case of extreme distention, for the 
purpose of showing more clearly the physical condi- 
tion of the problem. But tliis makes the ratio of the 
differences less than they are when the distention is 

ders. If, in the preceding case, the distention of the 
bore be made, what it may be in practice just before 
fi-actiu'c, namely, r^th part of the diameter, we shall 
SsA i&Bi -Qm cstemal portion -will be distended, prao 
ticallj,biitme ninth pearl as intu^Aii^ iE^^ 



tion of the solid, and, if we take an infinitely small p^irt 
for the distention, exactly one ninth. Now it is well 
known that with, most bodies, including iron, within 
the strain of its dastidty the elongation is in exact 

der such as I have described, if of cast-iion, the inner 
portion will be rent, or strained beyond its elastic 
poAver, at the instant that the outside portion is 
strained with only one ninth part of the load that it 
^eapiiblo of bearing. JfliieeyHsider lie ifnAdis^cl^ 
than in my example, the load borne by tlio outside will 
be still less. If it be twice as thick as the diameter 
of the bore, the outside portion will be strained with 
only one twenty-fifth part of the load it is capable of 
beee^iqBlfi it^iaa ffae intnec psi&m. U mi^ mS. tH'Sm 

other parts must be rent in succession, without any in- 
crease of the load. The law of the diminution in the 
power of resistance may be stated as follows. Sup- , 
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pose such a cylinder to be made np of a great number 
cif thin rings or hoops, placed one within another. 
TkSmi iiie iEepiBtanoe of these nngs, compazed 0116 1ia£h 
another, to any distending force, will be inversely as 
the squares of their diameters.* With these incon- 
trovertible laws of resistance before us, we cannot fail 
to perceive how impossible it must he to increase the 

an increase of ihcar thicknesB heyond that now giron 
to them.'l' 


* If we make a cylinder of 41 concentric hoops of equal thick- 
nen, dbitoiwd «iie fdihbiaiMiAer, and exactly fitting, io fiwt 

particles of each hoop shall be in equilibrium with each other, the 
diameter of the largest being 5 times that of the smallest, then 
t||f leniiiB itf tmiki ksf^mung with the ftrnmnost, to ranat dia(«n« 
iklttt H^II ha Tapreaented by the following numbers : — 


1000 

250 

111 

62 

m. 

225 

104 

S9 

e94 

207 

98 

56 

691 

189 

92 

54 

»10 

174 

87 

51 

444 

160 

82 

49 

891 

148 

77 

47 

346 

137 

78 

45 

809 

128 

69 

43 

877 

119 

65 

41 
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Ab bu^wte^ «lf these mtrth e w nrast, I Mtik, im^mit imst i^ 

with the fact, that it is impossible to increase essentially tte atnngtil 
of cannon, by a simple increase of thickness. 

f I leave out of conaderation another source of weakness, which 
conies from the unequal shrinking of the iron-casting. Tlic heat 
every casting is conducted away from the outside. Hence 
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Now, to obviate the great cause of weakness arising 
from the conditions before redted, and to obtain, as 
far as may be, the strength of wronght-iion instead 

of tliat of capt-iron, for cannon, I propose tlic follow- 
ing mode of construction. 1 propose to form a body 
for the gun, containing the caliber and breccli as now 
Wanted tiiieas^bhtiaf twfe iradi fiiib of only about half 
the thickDe» (if iie teueter of the bore. TJpim ^Ib 

body I place rings or hl|C^ of.wiought-iron, in one, 
two, or more layers. Every lioop is formed with a 
screw or thread upon its inside, to fit to a correspond- 
ing nmm m ^bmd. nEbtnnsd upon ll» bo^ of ^ gun 
first, and afterwards upon each lajrer that is em- 
braced by another layer. These hoops are made a 
little, say j-i/„-^th part of their diameters, less' npou 
their insides, than the parts that they enclose. They 
em ^sum msiiii^^ed. % hmik and bemg tsmmi m le 
thdr places, snfiea^d to cool, v/hen ^tsey shrink and 
compress, finSt the body of the gun, and, afterwards, 
each successive layer all that it encloses. This com- 
pression must be made such, that, Avhen the gun is 


the outside tets, while llic inside remains fluid. When the inside 
sets, the cooler solid shell that surrounds it contains more space 

than is required for the solid shrinking from the liquid state. This 
destroys the equilibrium amongst the particles, leaving tlicm upon 
fh9 ii^i'fi^ Dcr in a aiate iiaant% epfn^ ^ iSkaii lii <wtii6hf to 
the l^ilSjB^itrength, they ought to be in, ns we shall see hore- 
aft^. JI|it.Jhe case, as 1 have shown it from other considerations, 

tttii in this place, and only mention It lanti npfe to Sfaow that I 
am aware of it, as all practical men aiual be. 
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subjected to the greatest force, the body of the gun 
and the several layers of rmgs will be distended to the 
fiacturing pomt at the same tioxe^ mS. thiffi all take 
a portion of the strain up to its bearing capacity. 

There may, at the first view, seem to be a great 
practical difficulty in making the hoops of the exact 
size required to produce the necessary compression. 

woold be troe if ^id ltoeps 'wieiie «aa3e 43f 
iron, or any body which fractures ■when extended in 
the least degi-cc beyond the limit of its elasticity. 
But wrought-iron and all malleable bodies are capa- 
ble of being extended vithout fracture much beyond 
then: pow^ of t^a^iS^. Tkery mtsf, ^bm&ax^f/b& 
gieatly elongated without b(>ing weakenedL fignce 
Ave have only to form the ]aoo[)s siiinll in excess, and 
they will accommodate themselves under the strain 
without the least injury. It will be found best in 
ptaeticeii INa«efi»ie, to make the I^Bksmcm ttetween 
the diameters of the hoops and the parts wluch they 
surround, considerably morn than T-jinfth part of a 
diameter. The fixing the hoops iu their places by 
the screw, or some equivalent, is absolutely necessary, 
not xaeeely to rdfi^atsfr Ihe bo^ agalffiji; @eM8 fisao 
ture, but to prevent them from starting with every 
shock of the recoil. I know, by experiment, that the 
screw-thread will fix them effectually. The trun- 
msim matst, of cotme^ 1cm ^ied wgm one of iSie 
li&^i and this hoop must be spUm^ pzeveni its 
turning by the recoil. Small splines should likewise 
be inserted under every lioop. It will, moreover, be 
advantageous to make the threads of the female 
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scie^ semdbly finer than those of the male, to draw, 
by the shiink, the inner rings together endmse. 

It will be mo. Hott^ ^niHi ft jgm nrndd fit Ms tmyv 
we must depend upon the cast-iron body to resist the 
strain tending to produce cross fracture, though this 
resistance will be in some d^;ree supported by the 
outer rings breaking joint oyer the inner zings. Sat 
t£ ^9 body hfe xaade to consiliiiB lutf lha tfaldkiffiss 
of the walls, it Avill be found sufRcient finE "Sui pgg^ 
pose without any reinforcement from the rings. This 
results from a principle or law, which, so far as I 
know, was first puhllalkBd h^f me to. ^ |^ H^IMf ht 


cannot now put this matter in a better form than that 
in which I have there giycn it, I will here quote the 
statement as then made. 

" Let us suppose that we have a hollow cylinder, 
naf ^wA'we tai^tm Imgi caiKber beiog <nte inch in 
diameter, and the Avails one inch thick, giving an ex- 
ternal diameter of three inches. Suppose this cylin- 
der to be perfectly and firmly closed, at its ends, by 
screw x>lugs> or any other sufficient means. Let this 
be MM Mfb fetttjsoiNtev and fised^ Tb» fluid will 
exert an equal pressure, in every direction, upon 
equal surfaces of tlie sides and ends of the hollow 
cylinder. Let us next examine the resisting power 
of a portion of this cylinder, say one inch long, sitt^ 
ated in the middle, <a eqnally distant 6om the ends, 
so that it shall not be strengthened by the iron which 
is beyond the action of the powder. The fluid en- 
closed by this ring of one inch long contains an ai'ea 
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of one square inch, if a section be made through It hi 
ilmi i3Smi0m of its aads ; ami ^ secdiaa of &e zkg 
itself, made in the same direction, will measure two 
square inches. We have tlicn the tenacity or cohe- 
sive force of two square inches of iron in opposition 
to an area of the fluid mfiasuiing one squaie inch ; 
aad if we lake %ia teoei^ ^ ^ ixm. ati 03^000 
pounds, the cylinder will not be burst, in the direc- 
tion of its length, nnless the expansive force of the 
fluid exceed 130,000 pounds to each inch. Next, let 
us suppose a section made through the cylinder and 
fluid, tcaosversdy. f]ie ai^ ixf Kte fluid, eplA t& 
the square of the diameter of the hollow cylinder, is 
one circular inch, and the area of the whole section, 
the diameter being three inches, is nine inches. De- 
duct from this the area of the caliber, and we have 

is eight times greater than that of the fluid; whereas 
in the former case, of longitudinal section, the iron 
gave but twice as much surface as the fluid; and if 
we tdke, as before, the iron at 65,000 pouuds per inch 
cohesive force, it will last "be Tuae^sm. unless the force 
of the fluid exceed 620,000 pounds. It will be 
found, upon a further examination, that the relations 
of these sections to each other may be varied, as we 
take the diameter of the caliber to be greater or less, 
as compared with I3ie Jlicimesi} i£ ^ mde»i ^t their 
difference can never be made less than as two to one. 
Here then is a principle, or rather a fact, of the ut- 
most importance in forming cannon of any material, 
the strength of which is different in different direo- 


m 


lions; for BS A e^'om miM 
spcciiied, if the materials be iiEl,l^.d&g^SlK6i^^:d^ 
strength, Avill possess four times as much power to re- 
sist a cross fracture as it does to resist a longitudinal 
Picture, it follows, llaiBi^ WWbmtia i^^ 
meaes fywe ^sm&L9 tftegii la <ms ik&e^m iSiiiiit 

does in another, will form a cannon of equal strength, 
if the fibres be directed round the axis of the caliber. 
It is this fact which gives the great superiority to the 
various kinds of twist gun-banels. For in these, al- 
thou|^11«tlbiei4oi^^^^ ^eal^ierlaQlri^, 
yet they pass around it in spirals, thus giving their 
resisting force a diagonal direction, which is vastly 
superior to the longitudinal direction in which the 
fibres are arranged in a common muskelrbaireL" 

Tbe {folding eacampc^ Btif pfgtt lb@ iii^^ 
ably closed at its ends, and gives to the powder more 
force than it actually exerts, in gun-practice, to pro- 
duce cross fracture, compared with its force to pro- 
duce lengthwise fracture, even at the part nearest to 

by the whole gun, the stress upon any part will di- 
minish as the inertia, or weight, diminishes &om the 
breech to the muzzle. 
With these &cts, principles, and laws, thus stated, 

strength of a cannon constructed in the way that I 
have pointed out, as compared with one made in the 
usual manner. Take a cannon of 14 inches' caliber, 
which will carry a spherical solid ball of 374 pounds, 
idles il^ i»Bhm;^(^ii^^ f ^N^b^es 
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from its position, as before explained, possess but one 
fourth of the strength of the inner layer, or whole 
strength of the iron, and the mean strength of the 
whole will be xeduoed one hal£ Take cast-iioii si 
0&«O!EW pounds to lii^ mxk we lasra 30^000 
X -1= 15,000 pounds to the inch. The thickness, of 
both sides, is 14 inches, and 15,000 X 14 = 210,000 
pounds for the strengtli of the casting, to each inch of 
its length. The £i8t hoop has its strength reduced from 
1 to a msetiJiM M. l^bi lite iitei%i& isi wrought-iion 
at 60,000 pounds to the inch, and Ave have 60,000 X .8 
= 48,000 pounds to the incli. The thickness, of both 
sides, is 7 inches, and 48,000 X 7 = 336,000 pounds. 
Tlis ^ttMe ring mufftli: xieduced in strength by the 
same raIe, fo£itixiaiaiii,#ia^ ^S^ 'v^MiGli gives it 
49,920 pounds per inch, and for the 7 inches 349,440 
pounds. We have then, for each inch in length, 
Cast-iron body of the gun 210,000 pounds. 
Inner wxoaght»iron hoop 336,000 '* 
Outer wionghiriron hoop 349,440 

895,440 pounds. 
The diameter of the bore being 14 inches, we have 
^"U*" = 63,960 pounds, as the resistance to oppose 
to each square inch of the fluid horn the powder. 
Tlii ifM hem^ tei, a pressure 4i@64 a1xno&* 
pheres. 

The resistance to cross fracture at tlie part nearest 
to the breech will be, from the cast-iron, 28* — 14* = 
*JS4: — IMi^uhoribG&es, equal Wi 
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^ivwfwwtHwylleTplK^^ The 

boic contains 153 square inches, and -'-^YiY"" = 
90,19G pounds to resist each square inch of the fluid, 
or 26,236 jjounds to each square inch more than is 
provided to resist the longitudinal fracture| attd 1^ 

rings, which, being screwed upon the casting, and the 
outer lajer breaking joint over the inner, will add to 
the resistance to a great amount, which however need 
t£it liB computed^ 

iM m mtW &ISBtBikm &0^ of a single cast- 
ing of the dimensions that are given above ; that is, 
of 14 inches' bore, and sides 14 inches thick. Taking 
the normal strength of cast-iron as before alt 30,000 
pounds per indw m mmi xeduo^ IE, leeijxil^ 
laws be£3im«ai^(dnp$,:^^^ i^ or a mean of 10,000 
pounds per inch; flnd the thickness of both sides 
being 28 inches, we have 10,000 X 28 = 280,000 
pounds for the whole strength, and ^I^oj. ^20,000 

pounti^ im §m fluid pressnn^ m t^i 

^amph&mi m ^f^ ot li^lhm ^ thlii of iSie 

first example. Against a cross fracture the cast gun 
will possess a great excess of stfength, which I do not 
like to call useless, although I do not perceive how it 
can be of any essential, practical advantage. 

Ziefc us next inipke^ WlMi &is^% X&ctui^ to give 
a ball of 14 inches' diameter a velocity of 1,600 feet a 
second"? We shall obtain a better concci)tion of this 
force by estimating it iu the height required by a 

fluid mtmm m w^m iattpii the W te^ 
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stance, which would be in this case a column of fluid 
Then (from the foiTnula v = sflgK) we obtain 


iron, 
leoc* 

64 

column. 


= = 40,000 feet, for the height of the 
But tliis would produce a jet forming a 
continumns siceam. Suppose this stream \m 14 
inches in diameter, and divided into a series of short 
cylinders, each of which, to equal a ball of 14 inches' 
diameter, must be 9^ inches long. Now in giving 
1,600 feet velocity to this series of cylinders by a su- 
|Nsi&BKtaiiigi$^ ^ last nfdfii tiadi 

c^lindex only through a space equal to its 'length. 
But in a cannon the powder acts, though with a vari- 
able force, through the whole bore of the gun. The 
yariation of this force must depend, in every case, 

composition, fineness of graiit« dirpiB^ and the heat 

received from the gun from previous firings ; and 
most essentially from the amount of the charge ; and 
urm^ ti!CA lkttm1&^ exact law of (bs variation for any 

must be but an approximation to the truth, entirely 
empirical. But if we cannot determine the truth 
with exactness, we can at least assign limits within 
IfM^ Jl^ MQii^ 1^ liontained, and jipon a comparison 

the effect upon the gun itself at different parts of its 
length, and various other grounds of comparison, I 
think that we may take the effect of the charge 
through the whole bore, supposing it to be 112 
inches fiom the hall to theriina^^^ the charge 
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80 poTinds, as equal to the action of the maximum 
fbuse ibxmig^ a egam M Tittt l^^ &m em iaS^ tm 
mxm than tiro thirds, of its lei^|^ But fbat I may 
he suie to assign tlic maximum so great as to cover 
all anomalous or accidental conditions, I wiU take 
it as sufficient to produce a velocity of 1,600 feet a 

im&nH, ft me&B^ emaitmi^ iSlmk^ ma lihe 

length of the bore. This will give STi inches, or ex- 
actly 4 times the length of the cylinder -which forms 
the equivalent of the shot. Then (from the formula 
V = Ai/fs) the 40,000 feet above given for the height 

of the mmm "mm^^^^^wm^ «&i 

if WB take tiie wbok force of the poAvder as equal to 
its maximum force, acting through i\yo third? the 
length of the bore, or 741 inches, our column will 
become 5,000 .feet high. In all cases of providing 
eMiim^h^ W& ntttst take the force to be xerasted at its 
maximum. 

Now a bar of cast-iron 1 inch square weighs 3.2 
pounds to the foot in length ; we have then 10,000 X 
llis= 32j000 pounds' pressure to each square inch of 
sudlRsi^ m *^^ : s=s v^tamphmat m ^ weep* 
position that the whole action of the powder is equal 
to its maximum force through due third the bore of 
the gun. If we take the whole action as equal to its 
maximum through two thirds of the bore, the column, 

• This whole matter may be taken from the formula ^ 
which gives the force 12,660 times giavitation. But I have pre- 
ferred to give the more dienitous ooone, fiom the pressure of a 
column, as fixing a tetter eoMfef&Mi td its enonnoiH amount 

upon the mind. 
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i,Q0d high, gives WjS^ "^m^ m 1»06# ^bsm' 
|ihyi£i»^ It mmt Wlm ^lm^ MSt mS. iS^^im^ It; 

may never come up to the greater number, or 2,133 
utinosplieres, it ■vvould not be safe to estimate it at less 
when providing the means to resist it. We require, 
iheo, a pressure of 32,000 pounds to the inch, to 
tain Jar « 14inch shot sdl iiu^ velocity at U'&^O 
feet a second. "We have seen that a gun formed as I 
have proposed will be capable of resisting a pressure 
of 63,960 pounds to the inch, or very nearly twice 
the pressure required to produce flra vidteoty sought, 
while with a gun iBiii^ In Wtmi imj, of one 
piece of cast-iron, the power lai w^BiSiSBm l» Bniited 
to 20,000 pounds to the inch, or less than two thirds 
that which may be required to obtain the velocity. 

We have seen Ihttt a (eatnton cett^tgted la iiie 
manner recommended, of whatever size, having its 
walls equal in thickness to the diameter of its bore, 
will sustain a pressure of 63,960 pounds, equal to a 
column of fluid iron 20,000 feet liigh, very nearly. 
This is half ihi&sttisafiiL «^ld^ mpp&tt v^mimm. 
capable of keeping up a continued stream w^ a "WS^ 
laOfAty of 1,600 feet a second. Suppose that we con- 
struct such a cannon Avith a bore of 30 inches, and 
of such length that the ball shall receive the force of 
iii itowder itMis it ttOVi^ ibiottgli a efaoB of 10 feet, 
and that this foixe be equal to a constant action of 
4,266 atmospheres through 40 inclies. It will be at 
once perceived that it will impress the above velocity 
upon a cylinder -^-=20 indxes long, or upon its 
ec[uiTaIent, a epliuesee 30 ixasbm in #BiMsler. Sndi 
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a sphere of solid iion. will weigh 3,670 pounds, and 
at this point the calculated power of the gun meets 
tiie &ice required to give aii«^QG% nf 1,600 feet a 

second. 

Although this size may be beyond practical reach, 
the contemplation of it as a theoretical perfection 
may sibaNikite lo atteni^ iui approximation to it 
A hall of a ton weight, with a range of, vs^ 6 loaieij, . 
would, as fi movo display of mechanical force, he wor- 
thy of a great effort. 

The following columns show the stress that the 

mm^y^B^^pmi mum^&m^ tHH i^t-, hy iial- 

colaiion, and tlie pressure required to give the ^db- 
city of 1,600 feet a second. Tlic third column shows 
the proportion between the required and the actual 
strength. 

Atmosphcrrs. Atmospheres. 
Hoopcil cannon Tor 14-inc1t sliot itrill bear 4,266; required 2,133 100:300 
CMt-iron gun, 14-inch shot, nill licar l|SSSr ** SrtSS 100: & 

Cast-iron 32-pountlcr cannon, Gj inches 

thick, will bear .... 1,333; " 920 100:142 
Hooped cannon 30 in. diam. 3,670 lb. sliot, 4,2G6; " 4,266 100:100 

By this it appears that a common cast-iron 32- 
pounder, having but 42 per cent more strength than 
is zgfE^ssd, Is liess xeliahle than a hooped gtiii M 

inches. It will be recollected that the numbers 
given above in the second column, as showing the 
required strength, represent the utmost force ever ex- 
erted by a charge intended to proiiiiee a Telocifcjr of 
1,600 feet a secQXid. 

Tn this paper, my principal object has been to 
sliow a mode of construction by which, with our 
present materials and knowledge, it will be per- 
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fectly practicable to make guns of great size capable 
of standing the requirements of the service. It fol- 

tion must be the best possible for guns of smaller 
caliber, and that by adopting it, not only will the 
use of guns of enormous size be rendered practicable, 
but, if applied to cannon of smaller size, their burst- 

ceaBGCCy to use the word cost in connection IfiSi lUsi 
Ctbject to be attained, I k)iow that when the manu- 
facture is mastered, with a good machine-shop, the 
difference between the last of these and common 
dist'lEiett gond trail be altt^eiib^ iumgnifiGant to the 
nation. 

I abstain from opening the subject of different 
forms of bore and of shot, although I believe that in 
the end some cylindrico-conical form, lightened mth 
cavities in teaf poaffifina, miSij^i^eai^il^miae 
form of spiral grooves to produce rotation finp. €bm 
air, will be sohstituted fox the solid ephescei now 
used. 

I shall likewise forbear aU description of apparatus 
jgir wsstti&i^g maM, hf M<eM^ altiiongh it will be 
necessary to resort to such means for the full develop- 
ment of the advantages of the form of cannon herein 

pointed out. 

I should, howe^j leave the subject of this paper 

one most important effect of the force cil^'jSie f^KpSOp 
sion, which is not indicated a priori by any theory, 
and which is so inconstant and uncertain in amount. 
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tibiat it can be appreciated only by a careful observa- 
iioa of its practical effects upon the gun, but which, 
unless gnaxded against, iaast mit^^&Mf Wiltm^ lie 
conclusions which I have herein deduced. I allude 
to what is known to artillerists as the lodfrmont or 
indentation of the ball. This first shows itself at the 
point immediately under the ball, where it rests at 
the moment of &e iSMsexgeL XI is best (o^bservieil hi 


instant of its appearance, as a slight impression of 
the under surface of the ball, it goes on increasing at 
every discihaig^ mM h hsii^meik m iec^ at to ^^Hisi^ 

the upper surface of the bore, where a second inden- 
tation is made, considerably in advance of the first, 
and from this a third, still more advanced, upon the 
under side. These indentations go on increasing in 
numlier and rnxBi and at length bulges appear t||ion 
the outside of the gnn, which becomei <ifal near iSbe 
muzzle, and is at last destroyed. 

The lodgment here described has been attributed 
wholly to the downward pressure of the fluid when 
eneK^yog ^tot^ tibeopen&ig ef thfr i^di^ which 
is all upon the upper side of the ball, the under side 
resting by its Aveight in contact with the bore. There 
must undoubtedly be a great escape, not only of the 
itiMi %aS^ <oi boEtning powder in grains, through 
tiuafSiiiigiB, ani I3ig i to witwaM ftessuxe fixtm these 
causes may present an excess over the opposite pres- 
sure of the powder upon the under side of the ball, 
capable of producing some impression upon the under 


a soft bronze or 



gun, and from the first 
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surface of the bore. I am inclined, however, to at- 
tribute the indentation mostly, if not entirely, to the 
compxieii^Qa ifaB iadc liemisphere of the tnH under 
iib& mmmm tib«ir di explosion, produ^af $ 

corresponding enlargement of the ball in its diameter 
transverse to the axis of the bore. The smith pro- 
duces such a change of form in his bar of iron, at 
Measure, by the }iimm i^ % Aedge appIM # il e&d. 
The opexa&m k edkd i^pa^BH^; Wi^ wtogem<ewt 
must impress itself upon the part of the bore upon 
the under side upon which the shot rests, and is 
alone sufficient, in my miu4, to account for the whole 
mischieE 

This yim ^ Ibid mSo^ h em^niidl hf tiie 
form of the lodgment, which consists, at first, of a 
single narrow impression, exactly corresponding to a 
very small segment of the ball, and not in the least 
in advance of &e spot on whidh. the ball xests before 
the d&citiif& "Smr wtxcM lie Hie iniaet "Sma 
and place of an impression produced by a sudden 
enlai-gement of the ball, and an equally rapid recov- 
ery of its true figure, which it would derive from its 
ilii&si^t Bmi' ii l^i Idiii^ig^ were produced by 
the pressure of the §iM apu 3i vcppst imfiiiGi^ lt 
ought to form a long groove or channel, ceasing only 
with the diminished pressure of the fluid near the 
muzzle. Jb'urthermore, the lodgident is greatest when 
m imsl mkam wad » tmS. ^hiad iSm las&L 
sudh 9, "Wed must prevent, in some de^psee at leai^ 
the escape of the fluid, and therefore diminish the 
downward pressure. But such a wad, driven hardest 
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ngainst tlie middle of tlic ]m\\, in its rear, would act 
most advantageously to produce the lateral enlarge- 
ment by upsetting it as before described. 

BWi eiE^M^n ^ mat eaMM£ Ihk iatofa* 
tion in so great a degree, because, being unmallcable, 
they arc incapable of a permanent cliangc of form 
■vdthout fracture. Witli them, therefore, this pound- 
ing of the ball, being rejpeated a few hundred times, 
shatters t3]u9 ira&S of ipn, tvMcib itt l^glh gites 
way at once and goes to pieces. 

It must be obvious, that, if the lodgment be attrib- 
uted to either or both of the causes which I have 
recited, it may be prevented by a most simple and 
easy mimth Thii li M&hi^ we^ iMKMSk^ 
fliat the ball shall, at the moment of the explosion of 
the powder, have no part in eontact with the bore of 
the gun, but that the windage space shall be equally 
distributed about the whole drcum&renca This 


bag made of felt, or of hard woollen cloth, having an 
additional patch upon its imdcr side to compensate 
for the weight of the ball. It would seem impossible 
tiiat in this condition the ball, receiving the pressure 
of the fm&eat if^isaUy ^^^nSbteM. M ■&» 0mMm Oif 
the axis of the caliber, should touch the gun more 
than by a slight grasse during its flight* 

*My observations upon the lodgment have been made upon 
wronght-iron cannon. Between the yean 1841 and 1845, 1 made 
upwards of twenty cannon of this material. They were all made 
up of ringSi lOr^ort hollow cylinders, welded together endwise. 
Each ling m» xwde of baTs wound upon an arbor spirally, like 
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Unless this or some equally efficient remedy is 
adopted, any considerable increase in the size of can- 
non must be bopd^Ri ; fitir a sio&ce m hsed as a 

smitli's anvil would givR way under tlic long-contin- 
ued pounding of naked twelve-inch shot ; and when- 
winding a ribbon upon a block, and, being welded and shaped in 
dies, were joined endwise, wheo in tlie furnace and at a welding 
heat, and sflbnratt& pi«uei togeftfter in & nioalcL by a hydrostatic 
press of 1,000 tons' force. Finding in the eai^^J^p of the man- 
ufacture that the softness of the wrought iron was a serious defect, 
I formed those made afterwards with a lining of steel, the wrought- 
iron bars being wound upon a previously formed steel ring. Eight 
of tliesc guns were 6-poundcrs of the common United States bronze 
pattern, and eleven were 32-pounders of about 80 inches' lengtli of 
Ijoic, iuid 1,800 pounds' weiglit. Six of the G-poundcrs, and four 
of the 32-pounders, were made for the United Slates. They have 
all been subjected to tlie most severe tests. One of the 6-pounders 
has borne 1,560 disehatges, beginning with service charges and 
ending with 10 charges of 6 pounds of powder and 7 shot, without 
essential injury. It required to destroy one of the 32-pounden a 
maeemOm chuges ending -iMk 14 potuda of powder an^ S 
shot, although the weight of the gun was but 60 times the weight 
of the proper shot. If any of these guns are ever destroyed by 
fiifog diein^ liw ieilM^ttnt ti^l emnnienee in Hn tedgment 

It was during a course of experimental firing with the soft 
wrought-iron gun, that I had an opportunity of observing the for- 
madim aiid ibofease of die fedgmeat ; and liae I was led to tho 

experiment of placing the shot in a bag, as recommended in the 
text. My experiments were not sufficiently extended and varied 

to lead me> ts oi^ aMi»eA#iiii 

prevented by this practice | ltel|t'^jSi6|jr1i(fere enough to lead mo to a 
confident expectation of that leM^ m I could never detect tlie 
Ibntuefou toijr' lodgment or any itiineBse fn efie ifmfkm&f 
formed when tho bag was used. 

I cannot leave this subject without observing that I regard the 
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ever hooped cannon may be made and uaed, it wHl 

ment herein given be idways and at all times caxe* 
folly applied. 

ntWi VBu rail OOuUnUeut auBllipTB W HMMW'lHWIgBWIWI flMHIOIl IP 

Europe by the process of fagoting or piling, as a strange en- 
gineering delusion. It may not surprise us that amateur engineers, 
WliMii 'ffbidtf kttCMi'tisilgB tt'isis 'tSstihttittfiS iniu it diif t niS^ .Aon & 
printed pogs, diould expect useful resell ftiani:|MK«ltmiqit; Sot 
that men ffw^jcally acquainted with lig^i^gAwtt^ 
to fbfge ft tovvfisei^ie gun 4f' wnmi^K'kNib hy die tuM^ 'IwbbimI' 

that is used to producb a shaft of that material, seenis tp UO not 
very creditable to the iron knowliedge of the age. 


